In the management of innovation, intellectual property rights assume the primary role. In this sense, this paper aims to describe, with examples, the various strategies used by the pharmaceutical industry in the preservation of their legitimate rights of the intellectual property system. This is an exploratory study by using documentary research and longitudinal time. Even with the difference in laws between countries, the pharmaceutical anti-competitive practices gain more space in the global economy. For patents become political tools that foster innovation and diffusion of knowledge, it is suggested that revisions in the legislation, homogeneous international regulation and supervision of health authorities ensure quality of product and control of pharmaceutical marketing. This work also addresses political and social considerations on the subject while exploring some suggestions of ideal patent system.
Introduction
In current information society, the management of innovation is seen as a key factor to the survival of the organizations that function in high global competition and fast technological advances. The market competition today encompasses not only the excellence in the performance or the technical efficiency, but also the capacity of developing systematic processes through the production and application of knowledge.
In the pharmaceutical field, in special, the companies recognize that the available technologies and the pieces of knowledge may come from the internal and external organization limits. The absorptive capacity is fundamentally important for the creation of new medicines [1] . From this perspective, as much the internal actors as the external can influence the investments of the company in R & D, pushing the limits of the combination opportunities and competences previously disconnected.
To promote the continuous science progress, the governments authorize, for a limited period of time, the exclusive right for the creator in the form of patent concession. However, on the one hand, there is the increase of the pattern that the right of intellectual property provides an incentive for the production of new knowledge through heavy investments in R & D [2] , on the other hand, the legislation in force makes that the patent expiration does not coincide necessarily with the loss of market exclusivity [3] . Although it is necessary for any company to recoup the costs of an innovation, it does not happen only during the period of the patent effect. The costs are often recovered after the patent expires if the market strategies of the pharmaceutical industry are well planned [4] .
Also, the knowledge disseminated by the patent allows the "invention around of" [5] or "invention among patents" [6] , when the strategic benefit is not given to the production of knowledge anymore, but to the adoption and dissemination of the knowledge produced in other companies. In this case, generic versions or incremental innovations can be introduced in the Market by rival companies, which undermines substantially the market share of the medicine in the registered brand.
There are innumerous ways for the pharmaceutical companies holders of patents to extend the market monopoly privileges besides the period determined by law and processes that are usually called "evergreening" [7] or "term of the patent restoration" [8] . The majority of these strategies are in compliance with the legislation ruling, although sometimes they weaken the competitiveness of the market [7] . In order to prolong the profits, the industry tries to extend the validity of the patent, tries to guarantee new therapeutics indications for the product, tries the medicine's own drug and, finally, tries to increase the portfolio of new products through the processes of merging and acquisition. Meanwhile, in an attempt to obtain part of an extremely profitable market, the rival companies launch innovations for the original product, or try to anticipate the commercialization of generics.
The current work has its goal to describe, through examples, the diverse strategies used by the pharmaceutical industry in the preservation of its legit rights and from the imperatives of the intellectual property's system. This work is divided into three parts besides this introductory phase. The following describes the methodology of the work and the development theoretical-documental that contemplate the management model of innovation in the pharmaceutical industry and the six strategies used on the market protected by intellectual property's rights. The final part approaches the political and social considerations of these strategies.
The Innovation's Management in the Pharmaceutical Industry
On the first half of the 19th century it was already noticeable the commercialization of medicines in Europe and in the New World. "This way, even before the emergence of effective medicine, the pharmaceutical business (…) didn't market products, but promises of cure. In another words, the pharmaceutical industry was born before the medicines" [9] and since the beginning was promising innovative solutions. The global pharmaceutical industry appeared only during the decades of 1940 and 1950 with the development of a higher scale of new products. Despite the importance of the innovation for the improvement in the quality of life of a man and for the survival of the pharmaceutical segments, launching a new chemic identity on the market is a hard work, long and full of risks. The development of a new drug takes approximately 11,5 years and consumes 800 million dollars until its approval throughout all the clinical phases [10] . Furthermore, only one on each five thousand candidates for medicine make it to the market and only one on each one thousand survives the clinical tests and generate the register of a patent. For the assurance of a patent, the government provides exclusive rights for the innovation's owner during a limited time of 20 years.
The concession of a new patent, however, makes public the information about the invention, and these can be shared by a big number of rival companies. That allow the "invention around of" [5] , or "invention among pat0 ents" [6] where the strategy advantage is not given to the knowledge production anymore, but to the adoption and dissemination of the knowledge produced in another companies. The knowledge and competence dissemination can occur also on the researchers technical meetings, chats between employees from rival companies, contraction new employees from competitor companies [11] by the reverse engineering od products with the use of technological platforms or by the analysis of the patents data, scientific articles and the use of specific software [12] . The systemic nature of the innovation process must consider the interactions, cooperation, and exchange involving producers, suppliers, and users of the technology.
In addition to these incremental innovations, by the end of the validity for exclusivity conceded by the patent, the rival companies can produce chemically identical copies and bioequivalent to the original product, what is called generic medicine. Either through incremental innovations or generic medicines, the introduction of similar products by rival companies erodes substantially the original medicine's market share. For this reason, the pharmaceutical industry uses many regulatory ways to extend the patent's period of application, using legal factors that vary from country to country.
In Brazil, the legislation about the expiration of the patent period passed through changes after 1995, when the country joined the World Trade Organization (WTO) and signed the TRIP agreement. Today, the protection of the medicine's patent is guaranteed by a further maximum of 20 years since the register date in the country where it was the first patent's deposit. Once the deposit is made in Brazil, eventual subsequent modifications in the patent's original country don't apply in Brazilian territory. For this reason, the validity term of the patent in Brazil is not the same as its correspondent abroad. Nevertheless, in Brazil, Argentina, Canada, China, Colombia, Ecuador, Hungary, India, Malaysia, Peru, South Africa, and Venezuela, there isn't a tool of extension for the term of validity, as regulated by the American legislation [7] . Besides, due to the globalization, every country is affected direct or indirectly by the economic and social challenges facing other nations.
Currently, for the pharmaceutical industry as important as a new medicine is the innovation's management and the right of Intellectual Property (IP) of the products in place. These practices of management are known as the drugs cycle of life management [10] , "evergreening" [7] or "term of patent's restoration" [8] . Within this process, after the achievement of a patent, a consecutive number of patents for new combinations, use, formulations, and processes of production or molecules are also requested to the regulatory body.
Methodological Procedures
This study is a research of historical nature, descriptive and documental that used books, periodic, and websites from regulatory entities of intellectual property from many countries. The research problem was approached in a qualitative way justified by the nature of the study object as well as the procedure used for the data collection. The strategy of both pharmaceutical companies involved with the system of intellectual property were classified in proportion to the risk for the development of a medicine [13] , as detailed in Figure 1 and explained on the next section.
Data's Analysis and Description
After the Following, the innovation's management in the pharmaceutical industry is exemplified and described. This is a study theme of big importance once the legislation needs to be constantly reviewed in order to keep the fragile balance between the legit rights and the imperatives of the intellectual's property system [7] .
Delay or Limit the Generic Competition
Generic medicines are bioequivalent to the brand products, in other words, they are chemically identical and generate the same therapeutics action. The generic medicines are available by the competition only after they receive the approval of bioequivalence by the competent organ and the expiration of the original patent. They relate to the low risk of development of pharmaceutical products (Figure 1 neric product in one day could mean millions of dollars in profits for a pharmaceutical brand monopoly holder. On average, a patent-off generates a loss of US$2.6 million a day [14] . This way, the main strategic approach of the patent holders companies includes practices to delay or limit the generics competition in a specific market. The generics industry, on the other hand, seeks deficiency on medicine patents of brand such as mistakes, false statements, omissions or inconsistency, in order to truncate the life of the patent and anticipate the access to a potential profit market.
The delay of the generics entrance on the market after the patent expiration can occur for many reasons. First of all, there is a necessary time for the medicine to get an approval from the regulating organ. Second, the entrance of generics can be staggered due to the uncertainly around the market opportunities, the real time of the patent validity [4, 8, 14, 15] and the reaction of the marketing from the patent holder company, mainly through the reduction of price of the original brands [4, 16] . The delay in the diffusion of generics can also occur because many buyers remain reluctant to adopt a new product until there is enough evidence about the security and quality for the exchange [7, 15, 16] . Although less frequent, this strategy of defamation is still explored in markets sensitive to the perceived quality [3, 16] .
In 2011, in Brazil, according to the National Health Surveillance Agency, before the expiration of the Viagra's patent there were already five register registration requests to produce generic medication. By the end of 2013, the pharmaceutical industry of generics will be able to launch products that treat cancer (everolimus, rituximab, imatinibe, capecitabina), migraine (almotriptano), psychological distress (ziprasidona), malaria (atovaquona), ulvers (famotidine, aprepitante) and transplants (sirolimus).
Preventive Launching of a Generic
The model of business of the multinational pharmaceutical companies is highly dependent of the protection of the patent and the rigidity of the rights of intellectual protection. The big pharmaceutical companies are constantly treated by the entrance of generic versions of their medicines, making the price of the product increase one fifth of the original price [7] . In order to fight the loss of receipts, a pharmaceutical company tries to prolong the cycle of life of its drug as much as possible. An alternative is the introduction of its own generic, what is called "authorized generic" [14] . The authorized generic is launched in the same they as the first competitor generic. The titular plan of the patent is to change its profits of short term to net gain in long term.
The rational basis for the authorized generic strategy is illustrated on profit obtained by the brand company during the period of protection of the patent. When the patent expires, the profits drop drastically until reduced to zero (DCZ). However, if the company plans on introducing a new generic of its medicine before the patent expiration (time Y, point X), the profits of the company on long term will be represented as area OAWXZ. This way, if the receipts with the protected patent of YWBD are estimated to be lower than the receipts of generic YXZ, the company of brand will introduce a generic form of the drug. The strategy of generic substitution allows the patent holder to increase the total profits and to dissuade the generic manufactures to join a specific market [14] .
It's worth highlighting that the fabrication and disclosure of the authorized generic can be done by the original patent holder company or by an outsourced organization [4] . The patent holder company preserves its market power for the high margin medicines and avoids the duplication of costs, especially those associated with the manufacturing, marketing and distribution of a generic brand. The generic manufacturers, on the other hand reduce the excess of productive capacity when commercializing a medicine that holds pharmaceutical market guaranteed [14] .
In order to fight this competition in the Brazilian market, in April of 2010, Pfizer set an agreement with the national Eurofarma [17] . Also in 2010, Pfizer bought 40% of the national laboratory Teuto, with the possibility to acquire the full control of the company starting in 2014. Since September from 2010, Teuto started commercializing generic versions of Viagra® and Lipitor® [18] . Besides Pfizer, the French laboratory Sanofi-Aventis also entered in the generic market for the acquisition of the national company Medley, process that happened in 2010 [19] .
Supergenerics Strategy
In the decade of 2000, some scientific works started to report a strategic change in the pharmaceutical industry related to the "barrier for generic products". Against to the commodities generics, which are copies of the original drugs, the new strategy covers the production of supergenerics. These are different from the original product relating to the formula or to the method of administration and, many times, related to the effectiveness.
The supergenerics offer a price alternative of high value for the generics because the products are eligible for the protection of the patent and three years of exclusivity of the market in the United States [20] . As such, the supergenetics represent better therapeutics entities of fast development, less risks (Figure 1 ) and, mainly, profitable for the pharmaceutical companies [21, 22] .
Examples of supergenetics involve inhaled versions of capreomicina to treat tuberculosis [22] ; nifedipina with slow liberation that reduces the side effects of dizziness, flushing, headache, and edema; fluvastatina that reduces the risk of myopathy and predinisona modified, that reduces the morning stiffness for patients with rheumatoid arthritis [21] . The performed in an generic to make it a supergeneric can also be performed in original drugs in order to increase the cycle of useful life, strategies really used by the pharmaceutical industry holder of intellectual property, as described below.
Stratification of Innovation
The pharmaceutical companies perform the stratification of their innovations to guarantee a new patenting from a basis product [8, 7, 14, 23] . The goal is submit many patents for the new drug with the purpose of extend its market monopoly and to protect it in many ways against the production of generic medicines. This process is called stockpiling, in another words, the companies store protection for their products when patenting many attributes of a single innovation and obtain the extension of the exclusivity term for each new patent submitted [7, 8, 23] .
Through this strategy, the patent holders companies also take advantage of the consumer confidence on the original product brand to "patent a patent" and to continue the innovations [24] . This way, before the original product's patent expire, the company presents a version supposedly better of the medicine in order to generate a patients commutation. When most of the consumers have already replaced on product by other, the entrance of generic medicines doesn't generate meaningful loss of market [7, 14, 23, 25] .
Many innovations of successor drugs are, in practice, more superficial than the radicals [25] . They depend more on detail accumulation than big technological findings and offer low or none advantage about the original medicine. In a general way, it could be aid that a new life cycle of the product can be initiated by the development of a new therapeutics indication, through the administration or use conditions [4] . Other possible types of secondary patents are: 1) composition patents, 2) patents of new polymorphs, 3) patents of new formulas, 4) patents of synthesis, 5) patents for new therapeutics regimen, 6 patents of metabolites or pro-drugs and 7) patents for stereoisomers [7, 8] .
Examples of the use of stereoisomers for new patenting are the amoxicillin in 1980 (antibacterial drug), isoflurane and desflurane in 1992 (inhaled anesthetics), ibuprofen in 1976 (non-steroidal anti-inflammatory), fluoxetine in 1997 (anti-depressive), and omeprazole in 1998 (against hearthburn) [26] [27] [28] . An example of the "metabolite defense" evolves omeprazole in the decade of 1990. A generic version of Prilosec ® (omeprazol, medicine for heartburn) was only provided on the market in 2002 despite the expiration of the primary patent anticipated for 2001 [25] .
In relation to the patents for new therapeutics regimes, it could be mentioned sildenafil (Viagra ® ), approved by FDA in July 3 rd , 2005 for the adjunct treatment of pulmonary hypertension [29] . Pfizer Laboratory continues with diverse studies using the active principle of sildenafil, it can be to achieve a new therapeutics indication or to an approval of a new pharmacological presentation. Extending the expiration date of a patent through the stratification of the innovation, the innovator company blocks the introduction of generic medicines and extends its exclusivity and profits in the pharmaceutical market [7, 8, 23 ].
Incremental Innovation
In a world where innovations are duplicated quickly, the patenting process is a relatively effective answer to the vulnerability inherent to the product information. The patent doesn't guarantee full protection to the innovation because itself already reveals the information that, on the other hand, could be protected by a confidentiality agreement. In this contest, the rival companies can use the successor drug strategy to create their own version of innovation, and to enter a new market demonstrably profitable and expandable. Besides this, the companies producing incremental findings use the advantage of lower costs and risks in relation to the original research [10] .
The most known Family of incremental innovations is estantinas, medicines used to reduce the cholesterol level [25] . Estatinas are used to prevent ischemic heart diseases and brain vascular diseases, and they are responseble for the biggest pharmaceutical market in history [1] . Other pharmaceutical Market that should be pointed out in relation to the incremental innovation is the segment related to the male sexual impotence. [30] . Among the diverse PDE-5 inhibitors, the scientific works published until now don't support differences in the effectiveness profile and security between the products. The incremental innovation must prove superiority to the original model or the pharmaceutical company must invest big resources in marketing so the product became commercially well succeed.
Merges and Acquisitions between Pharmaceutical Companies
The pharmaceutical industry has been becoming extremely concentrated on the past 15 years due to the high taxes of merges and acquisitions (R & D) from the past two decades. Many of the big pharmaceutical companies are today the result of some big merges, including the transnationals processes. Many scientific words demonstrate the existence of mergers waves on the pharmaceutical sector, but there isn't a consensus about the determinants of the process. In the neoclassic explanation, the merges waves happen as an answer to regulatory, economics or technological industrial shocks that require relocation of capital assets on a large scale. In general, the reasons usually used are: the existence of scale economy in R & D, sales, and marketing, reach of global competitiveness, pipeline and products enrichment acquisition of new technologies and expansion of corporative control [31] . In the 21 st century, in special, the mergers and acquisitions were intensified due to the scarcity of pipeline, creation stagnation of new drugs and patent expiration of high sales products [32] . According to IBM Business Consulting Service [33] , between 2002 and 2007, the patents of 35 blockbusters expired generating a billing loss of US$73 billion for the pharmaceutical companies and the loss of more than 200.000 jobs in the past 5 years [32] . On this occasion, Pfizer became the biggest pharmaceutical company in the world by using a notable sequence of acquisitions. These results, however, didn't show strength, instead, they are deriving from a threat: the patent expiration of some medicines of high sales, such as Lipitor ® and Viagra ® [34] . Using this same strategy, in 2009, Pfizer bought Wyeth and created a new structure of 71 billion dollars on annual sales and the reduction of operational costs of 4 billion dollars [34] . Besides Pfizer, other big companies of the pharmaceutical sector such as GlaxoSmithKline, AstraZeneca, Sanofi-Aventis and MSD are result of the union of companies that kept their last names in the same time as they add others.
Final Considerations
In the management of innovations, the rights of intellectual property assume a primary role. The intellectual property is based on the idea that the exclusivity of market is necessary to create motivation to the innovation, but the expiration of the patent, and specially the competition created by it, is also necessary to guarantee the diffusion of innovations and their social benefits [2, 3, 35] . There were big changes in the patents system during the past two decades, and the majority of them on the same direction: the expansion and the reinforcement of the invention's protection. In the same way, recent tendencies in the system of patents indicate a weakness in patentability requirements [35] .
Medicines aren't any commodities, but an element necessity to keep the health of the population. At this point the conflict of interest starts, since there is the right of the pharmaceutical industry in obtaining benefits that incentive the investments in research, while on the other hand there is the right of health, on which all human beings should enjoy. Questions about the cost of research, price practiced by the pharmaceutical companies and ideal level of protection of the patent system are in the forefront of ongoing politic debates. In every case, the central question spines around of the achievement of appropriate balance between the IP and the access of health treatment.
In order to benefit this delicate balance, the innovator companies use many strategies to protect and apply their rights of intellectual property. The preference for the generic product launching by the patent holder shows particular promise, since it guarantees a considerable flux of income, keeping the costs of production low, and dissuade the generic companies to enter market. The stratification of the innovations generally involves low risks of failure of the product and the rejection of the market. However, it's also used to bring less financial return it it's not made a good marketing with the doctor's class. This strategy is advisable when the market niches identify themselves with the adapted version of the product, or when the number of clients is enough in size and financial capacity, to support the additional costs. The mergers and acquisitions can generate scale economy, global competitiveness reach, enrichment of pipeline, acquisition of new technologies and expansion of corporative control, although can also generate the destruction of values for the shareholders and overestimation of efficiency gains. Generics, in turn, represent the new pharmaceutical market reality. With the decline of efficiency of R & D activities in the past 15 years, the models of traditional business are giving place to the management of the life cycle. Besides every strategy used by the companies to prolong the validity of their patents, the generics will occupy the high profitable pharmaceutical market of blockbusters. However, even the generic companies need to worry about future profits. Soon, many products will be supplied as generics, what will generate competition in prices and lower return about investments. On this situation, the supergenerics can represent an alternative strategy. These strategies are summarized in Table 1 .
The majority of the strategies used by the patent holder companies are clearly in conflict with the purpose of the intellectual property system, which isn't to protect the inventor, but to promote the development through creativity. These strategies eliminate the noble intention of the patent law when using the existent gaps in the regulation. These practices, although according to the law, are anti-competitive and against the interest of the consumer.
The pharmaceutical industry is aware of its importance as a strategic sector in the national economy, that's why it puts strong political and economic pressure in the management of its own interests. To combat the anticompetitive strategy diffusion used by the pharmaceutical industry, constant reviews of the existing regulations are necessary in order to verify the failures that could be explored. The legal system should also be aware of these strategies so the courts can be faster on their decisions to avoid the extension of the patent's validity only because of the delays in justice [7] . The health authorities could guarantee the security about the therapeutics equivalence between brand products and generics and, in the same time, reduce the persuasive advertisements of the brand medicines, not through bureaucratic imposition, but limiting the expenses of the companies with pharmaceutical marketing. Finally, there is also the necessity of international homogeneous regulation about the intellectual property right, mainly due to the market globalization. The discrepancy of regulation among the countries creates disparity of treatment among inventors of different regions and complicates the work of examiners, what leaves open space for the dispute.
Therefore, to become a political instrument that aim encourage the innovation and diffusion of knowledge, the patents should maybe present a menu of different degrees of protection [35] , with the selected evaluation and compensation due to the inventive value and to the effort destined to the R & D process. The patenting criterion, as novelty and not obviousness, should be strict enough to avoid the concession of patents for the inventions with low social value, which only increase the system's costs. At the same time, the protection force of the intellectual property system should provide enough incentives for the unique development of high social value inventions.
Even though this theme was already explored in another scientific works, it treats about a complex subject that requires new investigations, mainly because the patent system does not represent an incentive for all kinds of inventions, as well as the great level of patent protection may differ between the different technological fields [35] . Finally so the system of ideal system became true, the legislation needs to be constantly reviewed to keep the fragile balance between legit rights and the imperatives of the intellectual property [7] . To build a fair society, it's urgent a new innovation order in the health management, based in the rupture of ruling systems and with new and real opportunities of economic growth.
Conclusion
In the academic literature there are many examples of strategies used by the pharmaceutical industry in the postponement of its patents, but many of the research questions aren't answered yet. The realization of other studies may contribute to the validation of the necessity of improvement of technical guidelines of the patents and, consequently, of the innovations management.
